It was necessary to improve the manual mode in order to increase the availability of a man-robot system, a part of the human interface technique. Therefore, the Error Recovery Expert System/Cartesian Coordinate System (ERES/CCS), combining the operation by the control program representing autonomy of a robot and the operation by a human representing versatility of a human operator effectively in the view point of human factors engineering, was desigened.
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The ERES/CCS applying the cartesian coordinate system uses the geometric inverse kinematics for the calculation of the robot joint values. Singularity operation errors and parameter operation errors often occur in this procedure.
These two operation errors increase the movement time of the robot and the coordinate reading time during the error recovery task in the ERES/CCS.
An Error Recovery Expert System/World Coordinate System (ERES/WCS) was also developed so as to improve the disadvantages of the ERES/CCS. The ERES/WCS aimed to improve the operation by the control program by following studies. First, the WCS, a new coordinate system, in which the work space is regularly divided into equal motion lines by means of functional analysis of each robot joint about the relationship between the robot and the task object is constructed.
Second, the linguistic variables for azimuth and posture are inputted by a human operator in order to reduce the burden of the human operator, and the fuzzy set theory is used to reduce the difficulty of the posture control.
Third, heuristic rules are developed to calculate the robot joint values, which enable two operation errors not to occur and to make calculation system for a hostile task.
The ERES/CCS and the ERES/WCS reduce error recovery time because the greater part of error recovery task is performed by operation by the control program and precise task is done by operation by a human by means of the effective combination of manual mode. Therefore, the primary improvement of the ERES consists in the improvement of operation by the control program including the greater part of error recovery task4).
Concept and feature of the research
This research constructs the man-robot system which provides intelligence for a robot in hostile environment for men's safety, and the ERES using the WCS by the functional analysis of robot joints.
The ERES performs that, in case of an error occurring in the middle of teleoperation, an automatic mode is converted into a manual mode and the error is recovered by combining the operation by the control program representing the autonomy of a robot and the operation by a human representing the versatility of a human operator.
In the previous research, the ERES/CCS using the CCS by the movement analysis of robot joints was constructed. However, there were mainly four disadvantages of that system which are as follows;
First, there would be a difficulty of position coordinate reading between a task object and a robot in the CCS generally used to the articulate, robot.
Second, there would be a difficulty for that system in reading the coordinate of the three dimensional task object, which is to be recognized through a 
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Construction of the ERES/WCS 2.1.1 Construction of the WCS
The necessity for introduction of the WCS can be described as following three reasons. First, among coordinate systems used in the previous research, it is difficult for a human operator to read the rectangular distance between a robot and a task object, particulary when the CCS used. The WCS by the functional analysis of robot joints is introduced in order to remove the difficulties of coordinate reading. Second, the WCS applying the concept of a men's equal motion lines puts the standard at layout of a task object. The WCS considers the integrated human-robot ergonomics by removing the unneccesary robot motion. 
Problems of the ERES/CCS
The human operator inputs the information about the position and the posture of a task object (x, y, z, pitch angle, posture number) through cartesian coordinate system and geometric inverse In other words, this is the case that triangle for the calculation of geometric inverse kinematics can not be formed.
Parameter operation error
In the ERES/CCS, parameter limitation ranges were not considered7). If the robot joint values calculated by geometric inverse kinematics deviate parameter limitation range, an error occurs. In this case, after recovering the error, repeated work should be done until an error does not occur. Fig.   2 shows the parameter limitation range of ROB-501 The knowledge acqusition of the ERES is obtained by three objects as follows.
1) Knowledge of human expert
When a human operator recovers the error of robot task, the knowledge of a human expert must be made correctly into the knowledge base in order to achieve the integrated human-robot ergonomics.
2) Task environment model and basic theory
An error recovery task is intented to be adapted to the ERES easily, fast, and exactly by that the knowledge base is made into the overall knowledge for the relation between robot and work space, the coordinate system and the calculation method of the joint value.
3) ROB-501 robot manual
It makes the knowledge base into the full construction, the range of movement, the outline of control and the operation method of robot. 
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